It is a well-known fact that liquid helium changes from one form of liquid to another at a temperature of 2-19° K, under its own vapour pressure at that temperature. The liquid above this temperature is spoken of as helium I, and below it, as helium II. This temperature is known as the X point. The apparent difference between these two forms of the liquid is that helium I visibly boils as it is being evaporated in a way similar to ordinary liquids, but immediately this temperature is passed boiling stops and the liquid appears to be absolutely quiescent, although the temperature is progressively reduced by continued evaporation. Many properties of these two forms of liquid helium have been studied,* but apparently up to the present the viscosity has not been determined.f
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In order to keep the liquid helium at a given temperature below 4 -2° K, its boiling point, it is necessary to allow it to boil under reduced pressure, consequently the formation of bubbles excludes any possibility of using a capillary viscosimeter method. The necessity of operating the liquefy ing system under reduced pressure also allows small amounts of impurity to leak in ; these traces of impurity condense over the liquid helium and drop as fine particles through the liquid. This has to be considered in designing the apparatus.
The method adopted was to observe the damping of the motion of a cylinder executing torsional oscillation about its axis while immersed in the liquid contained in a coaxial cylinder. The rigid mathematical treatment of this experimental arrangement has not yet been satisfactorily solved. It was first attacked by Perry, Graham, and Heath J in 1893, and has recently been the subject of theoretical treatment by Coster. § Perry, Graham, and Heath remark in their paper that " When we say that a logarithmic decrement did not exist, we mean that it was not constant, but varied with the amount of the oscillation. For the tractive force to be proportional to the velocity of the cylinder it is necessary for (x/p and the periodic time to be so great that the velocities of the fluid at all places shall be in the same proportion as if the motion were steady."
In the experiments recorded herewith the oscillation cylinder had a diameter of cross-section of 2 • 5 cm, and the outer cylindrical container of the liquid was of such a size that there existed a uniform clearance of 1 cm between the oscillating cylinder and the vessel wall. In all the experiments with both forms of liquid helium there was no appreciable change in the time of swing, and as the density of liquid helium varies very little about the X point (2*19° K), it is justifiable to consider the logarithmic decrement proportional to the viscosity. The logarithmic decrement did not vary with the amplitude of oscillation.
T he A ppa r atus
A diagram of the apparatus employed is shown in fig. 1 . It consisted essentially of a torsion head,which was capable of being evacuated through V1? and V2, and the oscillating cylinder, C, suspended in the liquid whose viscosity was under consideration.
The inner brass tube I, with part removed for a window, was soldered to the plate E and served as the support for the suspension. The suspension, S, was phosphor-bronze wire, 0-075 mm in diameter and 14 cm long soldered to a brass screw, D, and provided with a concave mirror M of 1 metre focus. The packing joint, P, allowed D to be rotated and moved vertically. The outer brass tube, O, screwed down tightly on rubber washers, Rx and R 2, made it possible to maintain a vacuum in the torsion head. It was fitted with a plane glass window.
A phosphor-bronze wire, 0-71 mm in diameter, was soldered to the suspension and clamped to the aluminium cylinder, C, in such a way that the axes of the cylinder and wire were in the same straight line. To prevent the solid impurities in the liquefied gases settling on the cylinder and affecting the damping, the cylinder was provided with conical ends. The lower cone allowed bubbles to pass up the side of the cylinder without causing it to swing. The cylinder was 2-5 cm in diameter and 9 cm overall in length. Each cone was 2 cm high.
The cylinder and phosphor-bronze wire Sx were enclosed in a vacuum flask connected at G to the helium liquefier. The cylinder could be accurately centred in the flask by the levelling screws L and the copper bellows B. When centred the cylinder had 1 -0 cm clearance in the flask.
The arrangement ensured that at all times the suspension S was prac tically at room temperature, thus avoiding errors due to changes in the torsion constant of the wire. In performing an experiment the flask F was surrounded by a second flask containing liquid air. The liquid was siphoned over into F to a depth well above the top of the os cillating cylinder. The cylinder was set oscillating with such an amplitude as to give 80 cm deflection on the scale. Some 40 to 60 consecutive oscillations were observed, the deflec tions to the right and left of the centre being noted. The period was calculated from the time for the total number of oscillations. The loga rithm of the deflection was plotted G against the number of the oscillation and the slope of the resulting straight line gave the logarithmic decrement. Preliminary experiments with vari ous gases in the apparatus made it possible to determine the value of the slight correction to be made for the damping due to the viscosity of the metal suspension; this correction was applied to all the readings.
Experimental R esults
The results obtained are shown in Table I . Several successive deter minations of the logarithmic decre ment X were made on each point. The mean values have been recorded with the number of determina tions made indicated by superscripts.
It should be noted that the logarithmic decrement was quite constant over the range of amplitudes used in the experiments. The values of the viscosity ratios are shown graphically in fig. 2 and the large change in Log of amplitude C of fig. 3 . The points on curve A are from a determination of the viscosity of liquid helium I at 2-73° K, those on curve B from liquid helium II at about 2 -2° K. As seen from curve C, the first 12 oscillations of the cylinder were made in helium II, the resulting line being parallel to B. The pressure over the helium was then increased to a value corre sponding to a boiling point of 2-73° K. The manipulation of the valve slightly jarred the apparatus causing the increase in the amplitude of the oscillations that is apparent at this point. The damping at once became more severe and then lessened slightly till at the end of about 25 oscil-3 4 6
The Viscosity of Liquid Helium lations the logarithmic decrement was just that of liquid helium I at 2-73° K.
The similarity of fig. 2 to curves obtained for liquid crystals* is very remarkable and at once suggests that the difference of the two liquid states is in some way intimately connected with a difference of atomic arrangement.
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Sum m a r y
The change in the viscosity of liquid helium with temperature has been measured between 4 -2° K and 2 -0° K. A marked change in the viscosity takes place at 2-19° K, the temperature of transition of helium I to helium II. That the crystals which comprise the alums form an isomorphous series has generally been accepted almost as a self-evident fact. This is due to the similarity of their chemical formulae and of their crystal classes, and the evidence was rendered almost complete when Cork* showed that a series ranging from ammonium alum to thallium alum was based on the one space-group, Pa3. There were, indeed, some discrepancies in his measurements,f but these could be ascribed to small parameter differences.
The Relation between the Alum Structures
The first indication of polymorphism among the alums was given by methyl ammonium alum, % of which the structure was found to be different from that of potassium alum. § In order to study the relation between the structures, attempts were made to find accurately the parameters of caesium alum (which had been shown to possess the N H 3C H 3 alum structure), of rubidium alum (which was found to possess the potassium alum structure), and of sodium * * * § * ' Phil. Mag.,' vol. 4, p. 688 (1927).  t E.g., the value of F for the 10 0 0 Soc.,' A, vol. 148, p. 664 (1935) .
